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as Well as questions for discussion (with answers) and a gldBsary of 
terms. The series has been reviewed by selected high, school and * v 
college teachers nationw4.de. This booklet is concerned With the \ ' 
layers in.the wsun, stars and gas clouds in the Milicy Way,' and the 
amount of heliu* in space. (MA) j V' 
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The Apollo-Spyuiz Test Project (ASTP). v6'hich flew in July 1975, aroused 
considerable public interest;Turst, because the space rivals of the late 19S.0*s. 

^and 1960*s/were W^^ second, because 

^ their nriutiial efforts infcluded developing a spac&^ii^scue system. The ASTP 
aisp included significant scientific experiments, the results Of which can be 
used m teaching biology, physics, and mathematics in schools and colleges. 
: This series pf pamphlets discussing the Apollo-Soyuz mission and experi-" 
ihents is a set of curriculum "supplements designed for teachers, supervisors, 

, curriculum specialists^ and textbook writers 'as well as for the general public. 
Neither textbooks nor courses of study, ^these 'pamphlets are intended to 
provide ^ rich source of ideas, e^ampFes of the scientific methodv pertinent 
references to standard^extbooks , and clear descriptions Pf space experiments - 
In asense, they ipd^ be regsbrded as a pioneering form of teaching aid. Seldom 
has there been such a forthright effort to pjoAle, diiiectly to teachers, 
curriculum-relevant reports of current scientific i:escarqh. . High school 
ti^achers Avho reviewe^Mhe texts suggested thai advanced students whP .are 
'interested might be assigned to study one pamphlet and report og it to the rest 
,bf the 'cla^s. After class discussion, students niight b!e assigned (without 
access to the pamphlet) one or more pf the **Quest(9ns for Discussion** for 
forma) or informal answers^ thus stressing the application Pf what was 
previoi|sl)j covered in the pamphlets. \ * 

■ The authors of these pamphlets a^ Dr, Lpu Willianis Pj^e, a geologist, aiitf 
Dr. Thornton Page, an astrononli^r. Both have taught science at several 
universities and have publishe^l l4 books on-science for schools* colleges, and 

: th^ general reader, including a recent one on space science. , 

Technical assistance to the Pages was provided by the Apollo-Soyuz 
Program Scientist, Qr,. R. Thomas Giuli, and by .RicliSird R. Baldwin, 
W. Wilson Lauderdale, and Susan N. Montgomery, members of the group at 
the NASA Lyndon B. Johnson Space Center in Houston \yhich organized the 

- scientists* participation in the ASTP and published their reports of experimen- . 
tai results. , ' ' 

* Selected teachers from high schools and universities throughput the United 
States reviewed the pamphlet^in-cjraift form. They suggested changes in 
wPrding, the addition of a glossary of terms unfamiliar to students, and 
improvements in diagrams. A list of the teachers and of the scientific-inves- 
tigators who reviewed the texts *for accuracy follows this Preiface. 

* - This set of ApoUp-Soyuz pamphl^s was initiated and coordinated by Dr. 
Frederick B. Tuttle, Director of Educational Programs, and was supported by 
the NASA Apollo-Spyuz Program'Office,*by Leland j. Casey, Aerospace 

* Engineer for ASTP, arid by William D. Nixon, Educational Programs 
OfCicer, all of NASA Headquarters in Washington, D.C. 
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Af^r 4,years of preparation by the U.S. National Aeronautic^ and Space 

■ Aaniinistratiori (NASA) and the UvS.S.R. Academy pf $oiences, the Apollo 
and Soyuz spacecraft were launched on July IS, 1975. Two days later at 16:09 
Greenwich.mean timepn July 17, after Apollo maneuvered into the same orbit 
as Soyuz, the two spacecraft were docked. The astron^jk}i& and cosmonauts 
then met for the Hrst international handshake in space, and each cj£w enter- 
tained the other crew (one at a time) a^ a meal of typical Aiperican or Russian 
food. These activities and the physics of reaction nriQ^rs, orbits around the/ 

^. Earth, and weightlessness (zero^g) are described niore fully in Pamphlet I, 
**The Spacecraft, Their Orbits, and Docking" (EP-133); 

Thirty-four experiments were performed whil6 Apollo and Soyuz were in 
orbit: 23 by astronauts, 6 by cosmonauts, ^d 5 jointly . These experiments in 
space were selected from 161 proposals from scientists in nine different 
countries. They are lilsted by number inPamphletl, and groups of two or more 
are described in detail in Pamphlets II through IX (EP- 134 through EP-141 , 
tespectiyely). Each experiment was directed by a Principal Investigator, 
assisted by several Co-Investigators, and the detailed scientific i;psults have 
been pu61ished by NASA in two reports: the Apollo-Sbyuz.Test Project 
Preliminary Science Report (NASA TM Xr58 173) and the Apolio-Soyuz Test 
Project Si|mmary Science Report (NASA SP-412). The simplified accounts 
given in these pamphlets have been reviewed ^y the^Principal Investigator^r 

. one of the Gb-lnvestigators. . * 

Low>density^as in the space betA^e^ the 6tars has interested ground-based 
astK>nomers for many years. From spacecraft and rockets above the Earth's 
atmosphere, it is possible to mal^e much better observation^ of gas near the 
Sun because there is little or no scattered sunlight from the atmosph$;re and all 

. the extreme ultraviolet (light of very short wavelength) ctari be/^afiured. 
(Such light is absorbed by the atmosphexje before it reaches telescopes on 
Earth.) Three experiments on Apbllo-Soyuz exploited these advantages of 
space 'astronomy. 

TIk Artificial Solar Eclipse (Experiment MA-148) was a joint .experiment 
that involved both astronauts and cosmonauts. The Principal Investigator was 
G. M. Nikolskiy of the U.S.S.R. Academy of Sciences; he was assisted T)y 
. two other Russians and three A^i^ncans. While the^pollo spacecraft backed 
off from the Soyuz vehicle (in line with the Sun) ai|d then moved back toward 
. Soyuz, the cosmonauts photographed the solar cbrpt^. These photographs 
were later studied and measured by the Principal Investigator in Moscow. 

Th^ Extreme Ultraviolet (EUV) Survey (Experiment MA-083) counted 
hig)/energy ultraviolet photons cd!Biing toward the Earth from various parts 
''^the sky. The Principal Investigator for this experiment was Stuart Bowyer 
of the University of California at Berkeley , \yho collaborated with many other 
scientists at that university and elsewhere. They used a special EU V telescope 
and discovered several interesting EUV soiirpes. -n » 
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. The Interstellar Helium Glow (Experiment MA-088) used similar detectors 
and was also supervised by Stuart Bowyer. This experiment detected helium'/ 
gas- from interstellar space flowing through the solar system. / ' 

The theme of this pampfilet is the study of low-density gas^^ in space: the ^as . 
at very high temperature in the solar corona, the **atmosphere" surrbiinding 
the Apo^o spacecraft, the outer layers of gas in superhot stJirs, aad the 
interstellar helium. The following three sections begin with, background 
information on the Sun, the stars, ^d the Interstellar medium. Eacii section 
describes one experiment and^s findings. . ; 
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The Sun is a 1 390 000-kilon^eter ball of gas, mostly hydrogen and helium. 
Its^mass of 2 >< 10^^ kilograms dominates the planets, the comets, the dust, 
and the gas in the solar system'.. The Sun rotates about once a month ia the 
same direction as ^1 the planets nfif^ve in their orbits-eastward; that is, it 
' /Dlates counterclockwise as vicvyed from th^ - 

At the Sun's/'surface" (the edge that you can se6 through dark glassO. the , 
temperature is about 5800 K (Fig. 2.1). Astronomers call that surface, which 
is6^5:<X)p kilometers from the ceritefof the Sun, the photosphere. As you cap 
see;during a tot{d solar Sclipse, the photosphere is apt really the edge of the 
Sun. Below the photosphere, the Sun's gas is opaque to visible light, wHich 
causes the photosphere to look as tliougbcit had a sharp edge. Above the 
photosphere, transparent gases glow red {pc Several thousand kilometers. 
Above that is the solar corona, which gibws greenish white to at least, 
1 QOO 000 kilometers above the photosphere. The brightness of the corona is 
about oi\e-millij|)hthr the brightness of the photosphere. The corona is 
swamped by haze's^nd blue-sky light except during a total solar eciipse» when 
the Moop covers the Sun for a nlinute or so. (Both* the Moon and the Sun are,: 
abojit 0.5^cross as seen from Earth.) Most of WlTlat we know about the solar 
corona came from observations during total solar eclipses, which are visible 
from small regions of the Earth's suiface about twice a ye^r. 

Core of the Sun: Nuclear Reactions 

The Sun is the brightest object in the sky-^about 10^** times brighter than, 
the brightest ^star and about a million times brighter than the full Moon. 
.'Where does dfi its radiant energy come from? It is easy to show that chemical 
' reactions^uch as burning cannot provide the vast amount of power radiated 
by the Sun. Astronolnershiave carefully measiired the solar energvpassing 
through each square meter perpendicular to the Earth-Sun line eadiKond in 
all wavelengths from ultraviolet through visible and infrareclgflp, making 
corrections for absorption by the Earth's atmosphere (see Pampfilet II). They 
multiplied the me^ured energy per square meter per second by the number of 
square meters in a sphere the size of the Earth;S orbit around the Sun to 
get the. total solar power output:— the huge value of 3?83 x 10^^ watts 
(Fig. 2.2). Even if the Sun were, composed entirely of hydrogen (H) and 
oxygen (O), the chemical reaction 2H + O -> HjO would bum out in a mecfr 
4600 years. Geologists haVe evidence that the Sun has been shining at about 
the same brightness for at least 4.5 billion years. 



'Nevef iook^pibctly at the Sun with the naked eye. Direct sunlight can damage your eyes. 



Schematic diagram off the layers In the Sun. . ^ ^ . 

In 1904, Einstein derived from ^t^is Special Relativity TheoryJthe formula 
£ = mc*, which shows that mass m is equivalerit^ to a very large amount of 
energy £ (c is the velocity of Jight, 3 X 10® m/sec)« Phys^^ists speculated that ' 
niass was being converted to energy inside the Sun, but it wasn'1 until 1938 
that nuclear reactions were measured in the laboratory- and fouiid tp .be 
capable of doing this niass-energy conversion under the high temperatures 
(10 000 000 K) and pressures known to exist in'the Sun's core. Other stars 
afe similar to the Sun'^, although much farther away» and these nuclear 
reactions also explain their power output. ^ 

- • ' ■ 

*l^cc Project Physics, Sees. 20. 1 , 24. 1 to 24.4, 24.9. (Throughout this pamphlet, references 

will be given to key topics covered in these standard textbooks: ''Project Physic^,'* ^ond 

edition^ Holt, Rinchart and Ayinstoh,*1975, and **Physical Science Study Committee" (PSSG), 

fourth edition, D. C. Heath, 1976.) ^ 



Determirj^tif^n off the total power outputjEf the Sun: Figure 2.2 " 

^ 4^ ^B^ = 3.83 k 10^^ ergs/e^i 3.83 x10^® wgttji 
in alt directiona. 



The loss of mass (0.71 |>ercent) occurs when four protons (hydrogen nuclei) 
of 1.0081 atomic mass units each are compressed to form an alpha particle 
(helium nucleus) of 4.0039 atomic'mass units/ This doe$ hot happen all at 
once but rather in a series of nuclear reactions that involve other atomic 
nuclei. The productsof some of these reactions last for only a very short time, 
they can proceed only if the temperature is extremely high so that all the 
part^icles have high velocities and high-eiiergy impacts. The. pressure also 
must be high enough to provide many impacts on each nucleus per second. 

Astronomers can compute the temf^rature, the pressure , and the density at 
various depths iiiside the Sun (or inside any star of given size and surface 
' temperature), using basically the gas law and Newton's Law of Gravitation. 
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The gas law^ states that pressure is proportional to density times temperature, 
FJewton*'s LQvy of Gravitation states that the deeper layers of the Sun arc"^ 
^ ; pulling outer layers down, so that the gas pressure on a centimeter of gas deep 
in. the Sun is the weight of the 1-square-centinrieter column of gas above it (but 
■to the surface- of the Sun). ar ^ 
■ ■ These calculations are complex-.^With the help of high-speed, electronic 
computers^ astronomers can estimate the pressure, density , and temperature 
• at aiiy. depth; in \ht Sun. This enables them to estimate at what depths jn the 
Sunthe nuclear reactions Aviir^go'' and also to calculate the energy releW 
. per second at the^ greater depths. They find that most of the nuclear energy 
; comes froni aVcentral core, about one-sixth the radius of the Sun,, where 
, ' approximately' 6 x 10' * kilograms^of protons are converted to helium nuclei 
• - every second^ The density in this 240 OTO-kilp^^^^ 

^ 150 times the densityof water (100 to 150 gm/cm^); therefore,; it contains 
about 8 X 1 d^^kilograms^i or 40 percent of the Sun's mass, 
•V between .10 Obp 000 and 15 000 DOO K. v . . / ' 

g The Photosphere: Surface Tfemperatur#y 
. and Brightness 

Calculations of conditions inside the Sun depend on the surface temperature, 
^ . which is measured by applying the Plaififk Radiation Law to the spectrum of 
sunlight. This law (Table 2. 1) is a formula relating the intensity / of light 
from a hot, opaque surface to -the wavelength X^of the light and the teim 
perature T,of the surface. From the complex Planck formula, two simpler 
formulas can be derived. The first tells about the co/or of a hot surface/lt 
states iftat the wavelength of niaximum intensity is inversely proportional 
to the temperature T. The Sun is.yellow, with equal to 5000'angstroms 
(500 nanometers) and the **coIor temperature" equal to x 1075000, 
or 5800 k/ If its surface temperature were higher, X^ would be smaller and 
the Sun's coldr bluer. If the Sun were cooler, X^ Vould be larger and the 
Sun's color redder (Fil^. 2.3). In this wayy astronomers get the surface/ 
temperature of stars; red stars with a Surface temperature of about 3000 K 
and blue,>tar^ with a surface temperature Of 30 000 K or more. These t^- 
peratures can also be estimated from absorption lines'^ in tijflstar's speptnim. 
Qf course, the internal temperatures of the Sun and all the other stars are 
much higher (they have to be about 10 000 000 K for the nucleiar reactions 
• : to occur). * " 'f: . • 



'Project Physiqs, Sec. 1 1.5; PSSC Secs. 17-1 to 17-5. 
"•Project Physics, Sec. 19:1, # 



Laws of Radiation 

(See Fig. 2.3) 




T}ie, other formula derived from the Planck law. tells about brightness, ll^ 
states that the total energy radiated from a surface in all wavelengths of 
light (ultraviolet, visible, infrared, rand radio) i^ proportional to J"? ., The data 
!n Figure 2 .2 show that each square meter of the Sun* s photosphere (695 000- 
kilom/ter radius) radiates 6.3 x 10^ watts. From the brightness formula 
(Tal)le 2^1), wie find the brightness temperature 7^ to be 5800 K. 

Belovv the photosphere, the temperature increases tp\yard the center c|f the 
Sun. Theifc are at least two layers we can discuss (Fig. 2. 1). In iht radii^ti^e 
transfer layer, the energy is carried, outward by photons of lijght tha|t are 
absorbed in. the opaque -gas, then reemitted, then absorbed after traveljing a 
few ipillimeters, and so oiWXhere are also one or two eonvectiye layers where 
th^ energy is carried outward by rising hot gas (as cooler gas falls). Such 
convection currents are not simple. The Sun*s rotation, the strong magnetip 
fields near the equator, and temporary hotspots complicate the layers. 




.4000 ' ^ 6000 

.<» 

Wayelength, A 



).o;ooo; 



Figure ^.3 >Planck: Law of Radiation from an opntiuo surface. The araas under the o^rvea 
fltivja the total iMiergy output in ioulc^^jj^UMmnd^^^^ each ac|uare meter: « 



■ . -. ; -5.67 X 10"® W/m^vK^. ■ ■ ; ^''^0!^i4-^^ 



Q Liayer^ Abbye the Photosphere: 
' Chromosphere ^nd Corona 

. ■■ ;■ .. . • -v ■■■■ . :i ■. ■ .-. ; 

' * . ,Gases abovethe*Sun*sphotospheVe are transparent,^ 

iheir high temperature. The red glow of the chiX)mospherer(co]lor sphere) can 
be seen for a few seconds just after the Moon cov^ the Sun in a t^tal eclipse. 
The\layer is only about 3000 kilometers thick, and the loAver part is at a 
- sbmewhat lower temperature than the photosphere. Thfe red glow is mainly 
due to the emission of hydrogen at the 6563-angstroni (656.3-nanometer) 
' wavelength. Astronomers can photograph the, chromosphere without an 
ecHpse, using the emission-line wavelpngths only. Their photographs. show, 
huge .flamelike /'prominences'* pushed out of the chromosphere by the 
press&reofsunlight.The^as'^density inthechn)mospli«reisabout 10""^kg/m^ 
(1 0**? times the density of w^fer), and the tempenttiire increases from 4505 K, 
near th^ ^bottom of the chromosphere to 100 000 K near the top (Fig. 2 A). 

This ir\crease in^ temperature with height continues through the greenish 
corona to reach several nniillio'nkelvin. Atfirst, it was puzzling to ^trono^ers 
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to find that the temperature of these very low density gases increases with. . 
height and gets so high that x-rays are emitted (wavelengths less than 100 
^gstroms, or 10 nanometers). It is now thought that sound waves carry 

' energy up from below the photpsjphere^to' heat, the corona. The intense light 
rays pass through ^he transparent coronia without' he^ 

Two photographs of the solar corona during a total eclipse are shown in » 
Figure 2.4. The shape oif the corona can vary widely, depending oh tije 
number of sunspots. at; the time of the eclipse. The corona often has long 
streamers and rays that are thought to match the magnetic field of the Sun. The 
outer edge of the corona is hot as sharply defined as it appears la be^ in the 
photographs; that is/a longer exposure will show more b^the V* outer corona. * ' 
Previous space experiments on Skylab and Apollo missions showed that the 

; outer corona mergers into the * "i^bdiacal light, * * a faint band that extends all 

. around the sky (Fig/2 .5).iThe zpdiacal lig|it near the Sun is part 6f the solar 
corona. Farther away, it is visible sunlight reflected from dust in the solar ;^ 
system— dust that is in orbit- near the common plane of the planets' orbits. 

. called the zodiac (the ''ecliptic" in Fig. 2.5).' ^ 





' ScMinatic diagram of tM inmr cdrona, the outer corona, and the zodiacal Hght 
. (Except for the Sun's photosphere, there are no sharp edges to any of these 

regiPhs.)^ , ■ 



The Artificial Solar Eclipse,< • - 
Joint Experiment MA-1 48 

the primary objective of thci Artificial ^oft^ Eclipse E?cperiment was to 
photograph the outer coibnat and measure its brightness in white jight at 
wavelengtns from 4000 to 7500 angstroms <400 to 750 nanometers). The 
Apollo spacecraft was used Jo eclipse the Sun for Soyuz. A secondary 
objective Was to check the'^gas, and prides around Apollo. Such a'^'con- 
taminating atmosphere/* which Je^s off every spacecraft, would show up 
well on photographs of Apollo With the bright Sun (and corona) behind it. Of 
courset the Apollo atmosphere would.*interfere with measurements, of the. 
corona on the photographs taken from Soyuz — at {east 6f the inner corona," 
^close' to the rim of Apollo. ^ , ; \ * 

^ The plan for separating Af^bilb^and Soyuz just after sunrise and keeping 
Apollo between Soyuz ajid ^e $ur|for 8;minutes is shown in Figure 2.6. the . 
astronauts could" loo|^;^ck at^ojfUz and rtiake sure that the round Apollo- 
shadow covered Soyt%v The cosmonauts photographed through a^indow oh 
the iiatch that led inlo' the Docking Module (see Pamphlet I) when the two 
spacecraft were docked. Before undocking, the astronauts attached a "light 
baffle** to the outside of that window: This baffle shielded the window from 
••earthlight** (sunlight reflected from*the Earth*s surface). 

After the docking lalches wete opened, the ApoitarReaction Control 
System (RCS, see Pamphlet I) jets were fifed for 7 second^ to give Ap611o a 
Um/sec velocity away from Soyuz t9Ward the SCin. After .coasting for about 
3.5 minutes toa distance of 225 meters from Soyuz, Apollo fired the RCS jets 
in the other direction to stop Apollo*s coast ar^start it returning to Soyuz. 



They i^edocked about 4 minutes later. At maximum separation (225 motets), 
Apollo looked twice as large as the Sun as viewed from Soyuz. It covered the 
Sun completely. However, there was a bright rim around Apollo that was 
caused by diffraction of the ^ng sunlight at Apollo's edges. Also,' during 
one interval of 142 seconds, earthshine was strongly refiec^^ted off {he AppUo 
underside and spoiled/24 of ^he Soyuz photographs. 

The Soyuz camera was automatic/It had* an £(2.8 lens with a 96-hiilliineter 
fbcal length and jgave photography SO millimeters square on special high- 
speed Kodak film. The camera took a repeated sequence of six exposures 
from \I6- to 1 1 -secpiids*|^ration; nine such sequences (54 pUotographs) 
were obtained befo^^^ifter the four sequences spoiled by earthshine . The , 
wide range of eX^p^s was used because no one was sure in advance what 
exposure time woijjp^be best. The outer corona appeared. oh 19 photographs. 
The film w'as qa^brated with f2.exix)sures t of known brightness in a 
Moscilfl^ laboratory and then developed. The density of the developed film 
(see^lp^ary) Was measured on the corona photographs arid on the laboratory 
phj^gr^phs. ThejLthe corona brightness (intensity) was plotted. , 

Th^hotographs show Apollo with its bright rim, the corona, the planet. • 
Mercury, and twcy bright stars identified as Gamma Geminonini and Alpha 
Canis Minoris. The positions of the stars relative tq.the Sun at the tirne tlie 
photographs were taken are kno wn; thus, the Russian scientists could plot the- 
Sun (behind Apollo) on eiaich photograph and relate they meastjirtd cbro^ 
Intensity to places oii diagrams like 'the one shown ift Figii^i|.7. The 
temperatures of the two stars are knoWiv^from earlier pbscrv 
the intensity 'of their imagers"6n the Soyuz filni was used to calibrate, the 
measured corona intensity (to ±15 percent). i« 
; There were two other problems with the photographs: (1) light froni inside 
the.Sbyuzcabin was refldcted from the wmdoAV^jtistin front of the camera, and 
(2) the camera-lens efficiency decreased from the center to the edge of each 
photograph. The Russiari scientists took care o( the first problem by measur- 
ing the reflected Soyuz cabin light in one of the first photographs taken when 
the nearby Apollo completely shadowed the window from outside. Then they 
subtracted this cabin-light intensity from the measured corona intensities; The 
measured intensities also had to be corrected near the edges of each photOr 
graph because of the reduced lens efficiency therev 
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Results of the Artificial Solar Eclipse \ 
Experiment 

Eight of the MA- 148 photographs were accurately measured. Six of these 
show the outer corona and two show the effect of firing the Apollo RCS jets. 
Each of these photbgraphis was scanned with a micro^eriMtometer, ai machine 
that measures film deiisky in each 0.1- by 0.1 -millimeter square over the 
eotire 50- by SO-miTlimeter photograph (5Q0 x 500 250 000 measuren^ents 
on each photograph). The^e densities . were then cohverted to intensities,^y -?^ 
xominiter.. " ' '■ ■ ' ..■ ■' 

The resulting, corona intensities (and the Spyuz cabin light and Apbllo 
foreground cdntamination) are shown on the photograph and the contour 
plot in Figure 2.7. Each line on the contour plot runs through measured points 
of the same intensity oh the photograph , and ^the contour liiie is labeled with 
the intensity value in units of 10"'° of the Sun^s surfacie intensity in v?hite 
light. The highest coi5our'(neau: the circle reprewnting Apollo) is 7 units, 
and the lowest (at left) is 1 .75 units. The image of Mercury (left center), the 
star Gamma Geminorum (upper left), and the star Alpha Canis Minoris (top) 
are much brighter. Three straight lines through the Sun's image (off center • 
behind Apollo) show the southerly direction toward upper right, the westerly 
direction toward upper left, and the ecliptic e running through Merpury toward 
the left. Thcstraight border along the. bottom of the cbiltour plot iii Figure 2,7 . 
is the edge of the light baffle oiitside the Soyuz wmdow/and all intensities . 
bellow it should be zero. The* Soyiiz' cabin li^ht has5k)t .yet been subtracted; 
nor has the correction for^ tens. efficiency been made/; 

A similar contour plot and a' phdiograph: token wheathe A^^ RCS jetS: 
we|e firing is shown in Figur^ 2;8. The prppellant ga? and particles in the jet 
exhaust scatter siinlight frQi:h fourlqng pliihies.jrhe Rus$ian Principal Inves- 
tigator, G. M. ^^ikolskiy^^hotes th^t his. experiment is **an effective "way to 
study contaminants produced by RCS jet engines. " 

Prom Figure 2.7 arid three others like it (with the RCS jets^ff), the Russian 
scientists subtracted the Soyuz cabin light and obtained intehsities[ in the o.uter 
cororia and zodiacal light from T to 1 2^ from the Sun along the ecliptic . Figure 
2.9 shows the measured intensities from I'' to 17° (solid line), the Soyuz cabin 
light ((lotted line), and the corrected corona intensities (dashed line). The 
formula for corona intensity that fits their measurements is 

where/^Q istheradius of the Sun and /q is the surface brightness of the Sun. 
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Figure .22.0' Correction of corona Intensities along the ecliptic matured |n the MA-148 
/ Ej^)erlment. ' ' ' . ■ \. 



The dot-dashjine shows measurements that were made from an airplane in 
1954. These measurements are three times fainter than the MA-148 results. 
It seems that, the outer corona is- much brighter than previously thought, 
although no explanation- has been given by solar physicists. 



r Questions for Discussion 

y (Brightness/Sun's Core; Surface Temperatiil^, Spectra, Corona) 

■ r. The^Sun is 10*° times brighter than the. brightest star in the sky; If stars 
. wdre other suns with the same power output and size as our Sun, how far from 
Earth would they be? ; 

2. If 6 X 10* * kilograms of protons are con Verted'to helium nuclei in the 
. . Suji*s core each second; how long will.it be before all the protons in the core 
are used up? What will happen th^n? 



ERLC 



16.; 



26 



3. Blue gi|mt stars have surface tcmpcratufes as high as 30 000 K; If they 
are the same ;$ize as our Sun, how much more energy are they radiating per 
secontl? ' «; ^ ,; 

4. Just before and just after totality, in a^soljir eclipse, the chrompspherc. 
shows briefly at ojxe edge of the Moon. What kind of spectrum does it show? 

• f . ^ ♦ ■ ' . 

. 5. Flares are violerit eruptions in the photosphere and chrtirnosphere. They 
fire charged particles out of the Sun at high velocity . Would you ^xppct a flare 
to have any effect on the corona above it? , / 

6« During the Skylab mrssions, x-ray photographs were laken o/ the Sun 

fcQm oi:bit;|iow large. does the Sun look in such x-ray photpgriphs? * 

■ * ■ . -w^i^ ^- ' V ■' 

7i What>\yas the expected advantage of photographing the corona from 

Soy uz compared with phdtographing it from the ground during a to.t^l eclipse? 

What disadvantages we're discovered? / ' 

8. How would you prevent cabin; light fr6m being reflected off (he*\viiidow 
into the camera, as occurred on Soyuz?-^ 

9; What ciah be learned about the Sun*s corona from the cojiiected meas- 
uiiements' of its brightness compared with e£^er measuifements- from an 
airpliwre (Fig. 2.9)? , - i; 



stars and Gas Clouds 

SteMar Spectra V 

Astronomers photograph the stars. They ajso measure stellar spec/ra by 
spreading a star's light.out into its different colors using a prism or diffraction 
gratifig. At wjivelengths longer than visible redlight, there are invisible 
infrared * *hqat waves' ' and radio ^yavQs. At wavelengths shorter than visible 
light, there art 'Ultraviolet rays, x-rays^and gamma rays (see Pandphlet II). 
Figure 3. 1 ^nipws the complete electromagnetic spectrum and the parts that get 
through the Earth's atmosphere. Note the three scales: wavelength X in 

.angstroms and meters, frequency/ in hertz, and photon energy £ in electron- \ 
volts. It is useful to remember that/= c/ k and £ = A/ (where c is the velocity 

. of liglit and-A is the Planck constant) and that£ == 12 345/ X in angstroms. 
XScc Pamphlet ir.) /• 

The spectrtim of a star tells much about its temperature (Fig. 2-3), its 
material composition, ils motion,, and even its size. Until aboutM945, 
^stronomers could observe, only that part of the specthim that gets through the ^ 
atmosphere— visible light and a little moire on each side (ultrajj^iolet and 

'■■ infrared) Jnthe 1950:'s, radio telescopes extended the observed spectrtim over 
most of the rpeibji shown in Figure 3. 1 where the atmosphere is transparent. 
No\y, in the SfUce Age, we can observe the entire spectrum with instruments 
oh rockets and spacepraft above the atmosphere. In addition to the general 

^h^Oges of intensity with wavelength 7;^ that indicate a star's surface tem- 
perature, the sp^cinim shoy/s absorption lines — ^gaps where ia gas has absorbed 
specific wavelengths. Each atom and bach ion has a pattern of such lines; 
therefore, ^y<Sti can tell what elements are in the atmosphere of a star by- 
measuring the lines in the spectrum. You can also estimate the'tenlperature 
by noting the elements thatare ionized. For exaniple, lines due to ionized 
helium (He"^) show that the temperature is about 20 000 fe. 

.If the star is receding from Earth at some speed v, the pattern Of absorption 
lines is shifted from the normal \yavelength X to a slightly larger value 
X + Ax. The-"red shift" is AX = Xv/c. This "Doppler shift" goes the other 
way (blue shift) for approaching stars (see Pamphlet lY). ' • 

A luminous cloud of gas between the stats is calleid a nebula. Its spectrum 
shows emission lines''(rather than absorption lines) at the sanie wavelengths 
that are characteristic of each atom (usually hj^drogen, oxygen, or nit^geii). 
The emission energy comes from nearby stars whose ultraviolet light is 
absorbed.by the gas, atoms, then reemitted. , 

About 50 years ago , astronomers discovered nonluminous gas between the 
stars that gives ^/interstellar absorption lines." These are lines due to calcium 
ions (Ca^) and sodium atoms (Na) which have different Doppler shifts from 

. other lines in the same spectrum. Such **different" lines are caused by the 
gas in interstellar space between us and the star. It soon became clear that 
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space between the stars is/ic^r empty . Radio telescopes detected an abundance 
of hydtogeri, wd about 30 different molecules have now been detected in / 
interstellar space. The strongest hydrogen absorption line, at a wavelength of 
1216 angstroms (121.6 nanometers), is found in the spectrum of every star 
observed above the Earth's atmosphere. It is due tp hydrogen^long the line 
of sight betwo|ii us and the star. 

the iyilHcy Way Galaxy 

The Milky Way is a hazy band stretching all the way arounij the sky where the « 
stars are much more numerous than in other parts of t^e sky. This band is our • 

* 'inside view' ' of the Milky Way Galaxy. It shows us that the GalaxJ' is a hugie • 
disk filled with stars- gas; and dust (Fig. 3.2). The Sun and the Earth are 
located about twp*thirds of the distance from the center to the edge of the disk. 
When we look^atong the pjaneof this disk, we see the band of stars that we call 
theiMilky Way, ^ ^/ 

Thferc are more than 100 billion stars in the Milky Way Galaxy and dh 
almost equal mass of interstellar g&s and dust. Astronomers hav^ learned this 
from J^punting the stars on photographs and by measuring the rotation of the 
Gala>L|; They find that the Sun and other nearby stars arc moving at about 250 
km/sec in enormous orbits around the .center of the Galaxy , which is 30 OOQ , 
light-years (2.8 X 10*^ kilometers) away in the direction of the constellation 
Sagittarius.(see Pamphlet 11). (Siagittarius is a group of bright stars Jhat look as 
though they are close together in space; actually, th^y are spread out along the 
arrow in Figure 3.2.) From the size and period of these" orbits, one can 
calculate that the mass of material (stars, gas, and dust) inside the Sun's orbit 
is.about4 X 10^* kilogriams or 2 x lO^Vsolar masses. tBy Newton's Laws, 
this is the mass needed to pull the Sun around such a large orbit.) This picture 

• is^bnfirnied by other galaxies, much farther away, \yhich ^so have spiral 
arms, nebulae, and dust clouds in orbit around a nucleus. 

; The interstellar gas is not uniform; it is niore dense in some places than ip 

others. There are also clouds of dust* which obviously obscure the visible 
Might from more distarit^^tars and nebulae (see . Pamphlet II). This has led 

astronomers to a tht^ ofstar.formation.. Stars are being formed right now in 
' our Milky Way Galaxy and in other galaxies./ A cloud of gas and dust gets 

concentrated by chance in intei^tellar space. Then gravitatidp6l force pulls 
V this cloud together and increases the concentration of iriatteri As the material 
i falls into the center, the kinetic energy of impacts among the particles heats 
/ the material. When the star gets to be about the size pf^our Sun, the central 
■ temperature reaches approximately 10 000 000 K, and nuclear reactions 
■. begin. • 



J 



erJc 



, c 



30 



■21 



Top view 
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Figure 3.2 Top view and cross section of the MHky Way Qalaxy , a gigantic rotaUng dls.^jr..; 
stars, gas, and dust, aliout 1 00 000 light-years in diameter and 500O iij 
years thiick, with a bulge or halo around the center of mass, v 
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jQ^^ abllar Evolution 




■ 4' ...... 

The beginning of nuclear reactions in its core is just the flrst step in the life of a 

star. After it settles dowji to ^*buming" hyclrogep (converting protons to 

helium nuclei), it has a long life without much change. The length of this life 

depends on the mass of th^ star. A giant star 10 or 20 times more massive than 

the Sun ** bums its hydrogen more rapidly and lasts a shortertime — perhaps 

only 100 million years. A star the size of oiirSbn should last lObiUion yearsor 

mpre, and a smaller star should last even w^^^ . ' v ' 

As the^^ hydrogen is buihed up, the^star's core becomes a **c(tad'V mass of 

helium^ and the burning hydrogen is in a shell around this' dead mass of 

helium, whic)i grows ever larger. In a giant star, therb is finally a collapse, 

then a huge * * supernova explosion, ' ' which blows most of the star' s mais out 

into ah expanding nebula called a **supemova remnant** (see Pamphlet II). 

The core remains as.acompact, hi^h-dcnsity Neutron Star, Before and during 

the explosion, a new set of nutlear-reactions begins, ""burning** the helium 

V* ashes*' of the earlier hydrogen burning. ' : < 

If the original star was smaller— more like our Siin in massrr*it may go 

Kgh a pulsatini* stage of expansion and contraction or explode ' less 

violently. :A less violent explosion leavcis a White Dwarf star, whibh is 

i^f compact but less dense than a Neutron Star. The White Dwarf is initially hot 

^ and cools very slo>yly for many billions of years. Many White Dwarfs^s^^ 

few Neutron Stars have been observed by astronomers, and there are'probably 

many more as yet undiscovered because they are so faint. Gravitational force 

. slowly takes over as such stars cool.. . . 

. How does a star, (lie? The end of a . star's life is riot fully understood; 

however, it is theorized, that, as a White D^yarf or a Neutron Star cools,- 

. griavitationa}Torce. begins to take over. With no gas pressure to keep the|n 

, / **PVffcd up,** gravitational force squeezes such stars into Black Holes mth 

^^pace so curved around them that neither particles nor light can. get in or out 

Xsee Pamphlet II). 

n Th9 E)dreme^ Ultraviolet Sun^^ 
Experiment 

By 1974, gamnid^tay, x-ray, and far-ulb'aviolet observat^^ 
from rockets arid spacecraft above the Earth*s atmosphere. Some 6f these are 
described m Painphlet II." The extreme ultraviolet (EU V) rays are between 
x-rays and farrultraviolet rays at wiivelengths from 10 to 1000 angstroms^ 
« . 100 nanometers) (Fig. 3.1). ^Astronomers had little hope bf dete^^^ 



I^igure 3.3 Front view of the EUV telescope after essembiy at the Unlvertlty of Cefffomle 
at Berkeley (University of California photograph). 



from stars because interstellar hydrogen strongly absorbs all^ w^ 
from 912 down to about 20 angstroins (91,.2 to 2jianometers). (The abiindsmt 
hydrogen atom absorbs these wavelengths when it is ionized,) However, there 
wa$evidence of gapsin the hydrogen clouds or of very low hydrogen density 
in some directions where EUV photons might get through to Earth. The EUY 
measurements would fill,in the complete electromagnetic spectrum and niight 
lead to discoveries of some superhot stars: 

The heed was to build a very sensitive EUV telescope that coUlddetect faint 
EUV radiation from hot stars that were shrouded by interstellar hydrogen. 
Stuart Bbwyer, the Principal Investigator at the University of California at 
jBericeley , planned the use of the EUV telescope shown inFigure 3.3, Because 
lEUy photons behave like x-rays, the telescope could not be a lens or a 
concave mirror 3is in'an optical telescope. Instead, it wias a series of four ring 
mirrorsshaped so that a beam of incoming EUV photons would be reflected to 
a common focus. The aperture (front opening) was^'4 centimeters (about 3 
feet) in diameter,, and the effective area wds about 10 square centimetfcrs 
(because of reflection and filtei: transmission losses). Each ring was coated 
with a thin layer of gold to increase the reflection of EUV photons at high 
angles of incidence. 



Figuxts 3.4 and 3.5 show how the telescope focused EUV photons t^ugh 
a filter onto a channeltron detector using a special semiconductor cetaph? a$ a 
photdcathode, The^EUV, photons released photoelectrons frortji^ photo- 
cathode* and each electron was sucked into the channeltrdn tube by about 100 
volts. The inside surface of the; curved cl\anneltfon tube was coated with a 
material that riele^sed two Or more electronsp^vhCnever an electron hit .it. 
Thereifbrc, about 10* electrons came out of the positively charged (3000 volt) 
end for each photoeiectron that entei^d.^his short pulse was amplified and 
counted/ After 0.1 second, the number of counts wias telemetered lb the 
Mission Control Center (MCC) at the NASA Lyndon B: Johnson Space' 
Center (JSC) In Houston^ where it was recorded on magnetic tape together 
v^ith the tinie. . . 

The telescope-channeltron combination had a field of 'View of 2.5° in the 
sky; that is, it counted EUY photons from all sources in a 2.5° circle. The 
telescope was mounted in the side of the Apollo Service Module and could be 
aimed at any selected point in the^$Ky by rolling and turnmg^the spacecraft (see 
Pamphlet 1). The pointing direction was radioed to JSC so that the scientists 
cpiild tell where the EUV telescope was pointed every second that it was in 

To get an EUV spectrum, five filters were used. These filters were located 
^ on a wheelJn front of the detector (Fig. 3.5). Each filter was a thin film of 
material that let through only a selected band of wavelengths or phprijgs of 
selected energies, as shown in Table 3.1 . '^^'"''^'^^^ 

A sixth ''opaque** filterwas used to check the backgri^und count^|||alse 
counts due to defects in the detector and electninic's. These falii^^uhts 
amounted to 0.6 count/sec, >yhich was later subtracted from the other EUV. 
photon counts recorded at JSC. The astronauts pointed the EUV telescope by 
roiling and turning Apollo».>hen they switched th|t telescope oo^The filter 
wheel automatically placed each filter in front of thie detector f^^O^fecond, 
then moved to the next filter. Radio signals to JSC mdicated^hicte^ 
in place. The EU V telescope was pointed at a, star for ^^^^pflmuVis/Xhtn 
pointed 3°off the starforahotherfew minutestogel|the«tcy b30^ 
star'^was emitting EUV photons, they ^ere meslSifredJjy determining the 
difference between the star and the background, as shown iit jpigures 3.6 and 
".3.7^... ■ ' ■ ' . _ ■ ; ' • .^^i/' ' 

The sensitivity of each filter-telescope combination was kri^wn from pre- 
flight laboratory tests. The count rate for a stat thus could be converted to the 
. nuviber of EUV photons arriving each second. This calculation was done 
separately for each filter, so we know the number of 9-electron volt photoiis 
arriving each second, the number of 24.-electronvolt photons, 46^"electronv61t 
photons, and so on up through the values listed in Jable 3.1. These nurtibers 
make up the ££/K5P^c/rw/n bf each star observed. 




figure 3.4 



Schematic diagram of EUV talascope focusing by the glancing* Incldan 
rort. The channeltron detector It also shown. 
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The EUV telescope was pointed at 30 different stars, 8 of th^m nVoi^ than 
once, and at many parts of the sky background for a total operating time^pf 40 
hours. Positive results were: obtained on four of the stars^ and the EUV 
background was measured over about one-thitd of the. sky. \. . . 
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piaflraift of the MA-083 EUV t»lMcope. Figure 9.5 
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THe spectrum of a star in the constellation Coma Berenices called kz 43 
is shown in Figure 3.8. (It is number 43 in a list of White Dwarf stars pub- 
lished by Milton Humasori and FritzZwicky in 1950:) The peak intensity is'at 
a photon energy of |46 electroiivolts or a wavelength \^ of 270 angstroms 
(27 nanometers), approximately. Using the color formula in Table 2.1, we 
can estimate the surface temfferature as 7 ==^ 28 9'50 000/270'= 107 000 
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MA-083 EUV FjDters 




This is a very high temperature for t^^ Other astron- 

omers measured the distance to H^;43 as 200 light-years and sHdwed that it is 
a White Dwarf star of about 50o6-kilometer radius^ ( 1 / 1 40th the sizes of the 
Suit). The MA-083 Experiment EUV measurement^ show that it is the hottest 
White Dwarf known^, (Measurements of tlie Visual spectrum; from groiHjid- 
based observatories coufd. not show this because the spec't^ub' df a 100 OOO^K 
star is almost the same aj the spectrum of a 50 (P) IC^tar in tjiisj 
from 3900 ta 10 000 angstfpms (300 to 1000 nanometersf nieasured front the 
Earthj^s surface. See Figs^ 2*.3 and 3;l v) , - 

Three pther stars were detected by the EUV telescope. In ^h of these four 
' cases, there is, by chance, very little ir)terst^ll£u- hydrogen along the line of 
.sight. We h^pen to ifee thes^ four Stars through gaps in the interstellar 
hydrogen clouds. In "fact, the dombiniation of visual observations, EUV/ 
observations; and x-ray observation&(Pamphlet JI) gives art'e^timite of ™ 
iiuniber of hydrogen attojils along the line o^sight-^approximately^.Q^^ 
atom/cm' for HZ 43. Another White pwarf,* ij^^ 
Cetus, was found to be almost as hot as HZ 43; the hydrogen densit]^ in it^ 
direction is approximately 0.01 atom/cm'. y- 



fhi:-';': 




' ■/■■ 




EU V telescope pointings for a star ot>servatlph>the telescop«! bpam Is 2.5* In Figure 3.6 
'diameter. There niay be faint stars In the background of each pointing.. ' 





\ JypiG9i BUy h through one filter. //^ Fjgnjre 3.7 
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V ■ : The tHird^tar detected wasProxin>aCentaiin, the ctoscst 1^^^ starto the 

Siini,4Kght-ycarsaway. Proxima,.in the constellatibnd^^^ ; 
; andcTOl-(3(W)K), soit^^^ ' 
wayelcnfgtl^s ftom 55 to 150 angstroms " (5\5- to 

sensitiv(; V fllter-detectoricombih^pn. The a ; 

second jbointing, which indicates ItHiat the^ EUy 
^ Prpxim^in bursts or **fl«^sJ' Visib}^^ 
.• thaii an hour, had prpyipi^y hetnj^s^p/fi;d b^ gi^ 

;.iiU9l0<ar«?actiOns in a sina}l region jbf the star's pfotosphej»:.Such^ vi ] 

mpje than double,thc star's visual 1^ 
vmeasureij^^ that teniper|itures in the Pnkinia flaire 

' ;tinties ihe ''Stair' s su^^ -^i v^>v-;v^ i 

■ ; ^Qt^er(ex^i|^oni ■ w^^ pbsery?J(j( in|> stdr called/ SS^ C^^ 
' telesicppct wasi p at that star in the.: constellation ptheiv^:/;' 




suddenly increased to 40 tinies ife no^ia brightness on July 17, 1975. (Theyv > 
. were monitoring SS Cygni because it is ,a**rccunent nov^^^^^ 
M^this at ui^)redictable timesO Extreme-ulfraviolet photbns (142 electronVoleSW^^* 
w.eredetecfedpnJuly 20, butthey cpii^ hoiirs later and^ 

could not ^detected at all on the thir(| IcWjk 22 hours later. When all the visuai 
. obsemt^n? of SS Cygni are collectfedjand ^alyzed, it may be possibl^ to 
" cptji^^|them with th^ EU V intensities to plot the of a jnova explosion:^ 
" ^.^The^^y y telesi wds^ftointed at 26 |Mier stare, Most^^^^ were Whij 
DwaS&ln^tvery 4^ aWay, and all of t|)eni[ ww li^ 
None pf fibcsc stsurs were detected. Fii^^pithe known.sfefe^^ of the EUV 
jK ^^ter-deti^tor combinations, this me^|liia^ EUV photons 

: from thO*^ star$f^^^ eactv sbc^d. Thisinforma- 

_ tion is u^l^i: it|sets lin|ts oh th4"j|mfif^^ ^f the^ stars and on thie 
hydrogen^a^h^^^^ // ■ 

Tlie E3|,^^^ ^ach of the observed stars 

also giv^^s<!S|f y^^^^^ . These mek^utlniehts average about 2 counts/sec 

aridsune^^ 

r ^ wfer^ ti^iEU^ are conting^jfiicl^ 

because^MMst^^^^ 
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Question^ for; iSiipussId^^ 



•3 /^^ 



(Spectra, Ionization , T^(^^wrature) . 

• ' 10. U you plot tilt number of photons ai^i^ < 
insteaul of the intensity iih Figure 2,3, how y^iiiarthe^^c^ 

IL The Sun's spectrum shows many abspr^ijfMiii^ and the. ; : 

iron ion Fe"^ . The Fe atom is ionized to Fe* by>j?,^3?ejec^^ that is; / 
- :"<j0llisions of 7.83-electronvolt energy knock one ^^ij^^n fr9^^the Fe.atom, «. 
TiieFe"^ ion has a different set of absorptioa 

• I in^ look in the spectra of stars cooler than th^iiS^ 

. l2* Ima double star, one star orbits around a^l^^fi^^ir^^^^^^ us, ' '-^ ' 

tlJn receding. Suppose that such a pair of stars is olflt'ti^^ an .;. 

irs erstellar gas cloud. Both stars and the cloud contaiin sodii^;l^p^^G^^ h^vV' 
tUe spdium^bsorption line s in the spectrum of one of the st£u^ jC^aKjg^ diiring 
■ .i&i^it. . \. . ■ , % ^ 

13, Hydrogen atoms are ionized by 13.53 electronvolts. i% :13;53- 
electronvolt photon (wavelength of 912 angstroms; or 91,2 nar{ometers) 
separates the ekctron^from the proton in a hydrogen atom. Wh^t does; a 
1 4-electron volt photon (wavelength of 880 angstroms, or 88 nanQi^eters) dp * 
to a hydrogejn.atom? , .* 

• 14, If a galaxy (like the Milky. Way Galaxy in Figure 3.2) were/io/rotating,': «4 
what differences would you expect? , 

• ■ ■.■ ■ ■ • ■ ' ■ ■. - ^ ■. ■ " f. ' ■ 
15* As hydrogen * *bums* Vto helium in the core of a star, ^yha*t happens to - , 

the density there? . • 

: 16, Which irs;pfob'abl/^^ a cod ot a hot Wfiite.^C|i«/j^^ star? . / 

17^ How^ouid ttie EU telescope detect separiately Wo istars less than 
;• ; 2.5°.apart?, ^\ ' •■" . . 

[, ; JjSi' Itl^tterstellar hydrogen were affecting the BUY spectrum of HZ 43 in ' 
Figiii^* 3.3 , would the actual temperature of that star be Higher or lower than ^ 

-'0^^¥ii,^ ^ . . .-. 

> : 10;^ ; 

. (Hint: The brightnesslformula (Jahie 2;;l) gives thwh^gy ra^ated per square 
' meter of surface area.) ' ?iV; : ' / " ''J 



How Much MeliunI 

in-- ' 



fi^ The Dii^cdvery cif HelKirp; Its Spectrum ; 

The element lij^liuni, an inieJTt gas, was discovered in the Sun about 100 years 
ago. (ks name js derived frbniH^^ 

was made from the abisorptibn lines of helium in the Sun's spectrum. These 
*; . lines did not niatcH the wavelengths of hydrogen, carboji, oxygen, iron, and 
• odierelementsnieasuredinthelaboratoof, In l895, heH 
•in natural gas on Earth. / *, . 

•» Helium absorbs and emits several lines at visual wavelengths. Howeveir, |ts 

strongest line, the most sensitive deteptor of helium, is at 584 angstroms 
. (58.4 nanometers) in the EUV, The hplium ien He* has a different set of 
^\ lines, with the strongest at 304 angstiroms (30.4 nanometers), also, in the 
E;UV. If you want to detect helitim or Jonized helium in space, look for these 
* - two lines. That is what was done in the Helium-Gib w ExpeAment (MA1O88) 
, . on tfie ApoUo-Soyuz mission.* : 



B 



Formation of the Elements 



|9 



Why is the amount of helium in space important? The answer to this question 
comes from 'a theory of lio>y the 92 chemical elements we know Were formed 
during the-15-billioh-year history of the universe. One idea is that the lyiiverse 

^ started as pure hydrogen and that helium (and all the other elements) were 
fomjijd by nuclear reactions in the cores of,^ stars (Sec. 3C). A more decent 
' theo^^tates that there was l5-percent helium at the beginning, when the 
.^■^*Big Bang" explosion caused all the matter to fly outward and form the 

^^alaxies (and later the stars in those galaxie^ that we see today. Measuring 
today's ratio of helium to hydrogen in interstellar space may help to decide 

!?J which T>f these two thedries about how the universe §lj^d'i&^jp^ , 
A fraction of thc:;original hydrogen present in the^ti^^rse^ ^^^d^ into 
stars. In these stars, just as in the Sun, hydrogen ^wj^VcolTiverlted j!^^ In 
the case of larger stars, nuclear reactions led to^t^^f^r^atioisibf 
heavier than helium, such as carbon, hitrbger[^,'^>^y||(dny^i^^ Eventually, 
the stars blew up in supernova explosions. Theise explosions released the 
heavy elements formed in the core.to interstellar space, as gases. Thesie gases 
then mixed with the original hydrogen (or hydrogen and helium) to foriii a 
second generation of stars. These new stars then continued the manufacture of 
new elements. There may have beer^ three or four such jgeneratibns. It is thus 
k)f interest to determine the proportion of heavier elements present in the 
universe and to match these proportions to those predicted by theory. 
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Astronomers e^imateyii^.^re^^ 
strengths of their absor{)tion lines tathe-^ every case, 

hydrogen is most abundant, ll'he Earth lost mostpf Ujs'atfhbs^^^ hydrogen 
1^ during its early stages, but geologists can estimate Whatfr^ciion of the Earth's 

mass is oxygen, silicon, ihagnesiui^, iron, nibkd| and k) on/ All t 
•^^ observations hayi? been combuied into a single tatJle olf the abundances of 
^U'^elements, fVoiii.hydrogen (atomic number .1) to uranium'; (atoilriic number 92). 
'However, helium is probably more abundant in the cores Of stars than on tlieir 
surifaces. Thus, the place to get the correct helium/hydrbgen abundance of the 
original universe is in interstellar space. 



Interstellar Gas Mo^ng Through 
the Solar ;$ystem 

Because the Siun is moving atabout 15 ktn/sec through the. interstellar gas, 
.there is an **intersteUar windV blo^ying im 15 km/sec 

from the forward direction (the direction of the constellation. Cygnus)#\Some 

y.;jj(^( the Sun's light is absorbed and reemitted by this gas- in emission lines of 
Wavelengths of 304 angstroms (30.4 nanometers) for helium ions and 584 
angstroms (58.4, nanometers) for helium. .These wavelengths are changed. by . 
' the Dbppler shift— a blue shift if we lbo{^ into the wind or a red shift if we look 
downwind (see Pamphlet IV). The shift is AX ==Av/c = 584 (15/300 000) 
angstroms =^ 0.03 angstrom (0.003 nanometer) for the 584-angstrom line of 
helium. The 30-kn)/sec velocity* of the Earth in its orbit around the Sun can 
change this Doppli^r shift, but Figure .4.1 shows that the Earth was moving . 
across the line of sight in July 1975, giving no additional E>oppler shift. The 
MA-088 scientists used the 0.03-angstrom red shift to separate interstellar 
helium glow froni a local glow of . helium in the outer part of . the Earth's, 
atmosphere which was also stimulated by sunlight, (The local helium glow 
« . Iiad been photogi^phed by a far-ultraviolet telescope on the Moon during the . 

: mission in 1972. It extends more than 5(XK) kilometers above the 

;; ;Earth's surface.) 

' The expected^direction of the interstellar wind, the positions of the Earth, 
and the Earth's.orbital velocity around the Sun on July 20^ 1975, wiien the 

^ MA-088 measurements were made are showain Figure 4. 1 . Downwind from 
the Sun, there should be a concentration of the interstellar gas due tothe Sun's 
gravitational attraction's the gas sweeps by. This **tair' was viewed from 
Apoilo-Soyuz through the local Earth glow. T4ie interstellar glow was' 
redrsjl^ted 0:6^ angstrom, whereas the local Earth glow had do biiie shift or 
rec^smh (because Apollo-Sbyuz was moving horizontally, neither toward the 



MA-QiB8 view of red-(8hffted helium glow downwind from the Sun. 

." ■ ' ' ' . ' ^ '. ' ■ 

local helium nor from it). The MA-088 scientists ^canceled th^ local 
glow by placing in front of the MA-088 detector a 10-centimeter-long tube of 
^plium gas that absorbed all the local helium glow but allowed the red-shifted 
interstellar helium glow from the Sun's tail to enter. 

The MA-088 Helium-Glow ExpBHment 

The helium-glow detector was similar to the one tised fpr the MA-083 EUV 
telescope. There were four channeltrons with ceramic semiconductor photo- 
cathodes. Two of them were located behind . helium gas in tubes 10 centi- 
meters long at a pressure of 0.013 N/cm^ gnd a temperature of 300 K. The 
ends of the tubes were sealed with thin (306-nanometer) metal foil (tin and 
aluminum) which served as filters that were transparent to wavelengths 
between 530 and 640 angstroms (53 and 64 nanometers). Two other detectors 
were located behind aluminum-foil filters covered with thin layef3.of carton. 
■ these filters transmitted 170 to 450 angstroms (17 to 45 nanometers), includ- 
ing the 304-angstrom line of helium ions: . 



Figure 4.2 shows the. MA-088 Experiment ifletectpr, it 3S-centimeter cube 
that weighed 23 kilograms. The Was mounted on the side of the 

Apollo ^Service Ntodule (see Pamphlet I) near the EU V telescope arid tjie 
'M A-048 Soft X-Ray Experiment telescope (see Pamphlet II) . The four large 
holes (B.Srcentimeter diameter) are openings for the fol^ heliumrglpw de 
tors. The'hole size, and the shields inside ^limited the view of eacb detector to 
a is*' circle in the sky^All four detectors were pointed'in the same direction. 
The two detectors without helium cells recorded the 304-ahgstrom 
wavelength, both local and interstellar ionized heUum glbw> the two detec- 
tors behind the helium cells red6rded oilly the intersteUar S84rarigstn)m 
helium glo\y when the cells were filled with hejium. The.two cells w^^^ 
alternately fiUed for 5 seconds and then evacuated for 5 Seconds. One cell was 
full \yhile the^other was empty. The automatic fllling Was monitpred by a 
pressure gage, and records of the pressure and the temperature of the helium 
gas in both pells \yere trans:mitted to JSC When the cell was empty, the 
. detector recorded both local and interstellar helium glow at the 5iB4*angstrbm 
wavelength. When the cell was full, it |ecorded only the.iiit^rstellar helium 
.glow.' " •'■^ ^ ■■ 

The electronics used to read the EUV counts from each detector every 0.1 
second are shown in Figure 4,3. The top two detectors, without u helium 
; absolution cell are the 364Tangstronivhelium detectors, the schematic - 'coir 
limatdr** limits the view to 15°. ifhe channeltron has 3CK)0 volts from the 
high-voltage power supply (HVPS) on the output end, and this leads the 
100-miIlion-electron pulses to an amplifier and counting circuit. 'The 
''counts** accumulated eathO.l second were compressed in analog form to 
reduce telem9try to JSC through the NASA Spacecraft Tracking and. Data 
Network (STEflN) of radio stations, the lower two detectors 'looked o^ 
through helium absbrption1:ells, and the ^ fillmg-evaCuatirig equipment is 
shown schematically. Otherwise, the counting and telemetry is the same as 
for the top tw94etectors. ^ - ' 

Tel^irietry received at JSC con of the following data for each 0.1 
secon4;6f time that the MA-OSS Experiment was in operation: the number pf 
county recorded in each of the four detectors, the hejium pressure in each of 
the two absorption cells, the helium temperature, in each of the two absorption 
cells, and "housekeeping** pressureis and vol^ges/ All these data had to be 
correlated with records of the spacecraft attitude; that is, with the direction in 
which the helium-rglow detectors \yete pointing, second by second. The 
MA-PS8 Exjperiment was on for all. the MA-083 EUV Survey (Sec. 3) and 





The hellum-glojw detector. The loiifiujift holas are the viewports for the four ' Figure 4.2 
photometers.' 
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MA^048 Soft X-Ray (Pamphlet II) ix)intings. Slow^Tolls::Qf Jhe Ap^^^^ 
spacecraft were made so that the MA-088 tielium-gldw detectors swept 
around the entire sky and collected counts from almost all partsof the sky . The 
**tail.of interstellar wind'* ibehind the Sun (Fig. 4.1) was scar^ned several 
tinies. The direction of the Earth's shadow was also scanned because local 
helium glow is small there. ^ ^ 
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Schematic diagram of the MA-P88 electfoni( 
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The :MA-088 ExperiiTient was operated on Apollo-Soyu? for ai total of 10 
hours, which includestnost qf the time allocated forthe MA-048 (Soft X-Ray) 
?md M A-083 (EU V Survey) Experiinehts. The counts were recorded every 
•; 1 second; thcrefpre, 360 000 readings were received from each of the four 
: detectors ■ The readings, for each sky position were averaged, and corrections 
were made for atmospheric absorption with a large computer. The pointing 
direction Was coiiiputed for each reading, so that intensities could be plotted on 
a map of the sky. Basically, there are three maps: (1) the sum of local and 
Ooppler-shifted helium 584-arigstroni glow, (2) the Doppljer-shifted. 584- 
angstroijp glow from interetella^^ (3) the sbm of local and 

Etoiip^^ glow. A fourth maA Wais made by 

y;V;,^hlj^/.;Th^^^^ of the.* 'geocotona," a glowing sphere of 

, i ;^Tr|j^dW^I^^ 

■ ' -^^i^^^iir^ isC0pppsite th^Sun) j(;Fig^. ' 

. vv-^^'llsl^^^^ gebcorohV glow ac- 

. ^5^'^^ percent of'^tfie ^^^ intensity in the 

: ; : 7 Al^fj^ there are some nanT)W %4j?a^ ob^ryations coyei- th^ 
^ entiresky and show 10 to 50 counts/sec irk^^ 

\ . of the Doppler-shifted 584^»$trom glow show^* -patterns" arpuiid the sky 
^ that agree roughly >yith Ftoire:^^^^ the Sun's tail was ribt clearly 

.*. detected: T^ 

the higher the temperatui;e ^&e fuzzy the patterns should be. There are 
no sudden changes in thjg 583-Migstrom intensity where the gas.is at high 
teniperature, because raniiom/^ 
the inter&tell^-wind vplqdfy^ 
' Dpppler shifts. 3y detfeHj^^ fuzziness, the scientists hope to get 

: the tempcratui^^^tth^ amount of helium . 

. The heliurH^'iQ4r^ local geocorona 

well; it f Isri^B it along the Earth's shactdw (Fig. 

4.1). ipip^lR^ to find out A 

whether i^^^ ^^iWi^^ ^^^^ whether there 

isany he|i^^ outside the geocorona. This 

are >(x)ntinulh 
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Questions for Disci^ssi^^^^ 

(Abundances of Elements,- Doppler Shifts)- ; 

20. If you'gd back iit time to when the Qrst stars were being formed in our 

Milky Way G^axy, would you find aiiy carbon, nitrogen^^or oxygen in 

those stars? If one of the stars had planets, could life have evolved oh any 

of these planets? / 

-^. '-/i- ^ J — ^ 

. 21. It is stated in Section 4B, that ''the Earth lost n]i6st!of its atmospheric 

hydrogen during its early stages. " What major reserVQir|Of hydrogen do we 

still have on Earth? 



22, How do astronomers know that thq Sun is moving at about 15 km/sec 
jtfthroiigh the interstellar gas? 

23. The Earth goe^ aroundj the Sun in 12 months. ^f^ApollOrSoyuz had 
wanted to get the maximum Doppler shift betweenTth'e ^Gcal helium glow and 
the interstellar helium glow, in what ^onth should the MA-08 8 measure- 
ments have been made? (Sfiie Ei^^^^^^^^ 



. 24. The Apollo-Soyuz ^acecraft orbited the Earth Once ^very 93 minutes 



at an al.titude of 222 kilometersrThe raclius of the Earth is 6378 kilometers. 
What would be the- Doppler shift of the 58f-angstrOm helium line viewed 
, straight ahead or straight back along Apollo's orbit? ... 

'J*;. •■■ ■ ■ . ' ■ : ' ; ^ , ■ ' \ 

■^^^S. What angles to the MA-088 line of sight (Fig* 4. 1) would you need to 
^^npw to compute tbe Doppler shift of the S84-angstroin-wavelength inter- 
• istellar wind? Of the local helb 
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Discussion Topics (Answers to Ques^ftdiis) 

; ' 1; (Sec; 2F) The observed brightne^i^ of a distant light source is pro- 
portional to its luminosity (p>wer output) L divided of 
. distance; (L/r^). If L is the same for the star and the Sun (which is not always 
the case), fc'Sun/^star ==''.%tai/'^*!Sun = 10^^ Therefore, the distance^^^^ 
10^ rjiun for the brightest star. Fainter stars are more distah^^'^ ' 

2. (Sec. 2F) The coiie of the Sun contains about 8 x lO^^Tcilograuns of " 
matter. If it wias originally all hydrogen and if 6 x IQ*^ kilograms of 

hydrogen are converted |b helium every second, it wtiHild take 8 x 10*®/ 
^6 X 10/^3j:3^^<-4G^*-seconas, or 4.2 :>< 10*** years,\t6 use up alHthe 
hyclrogen. Before these 42 billion years had passed, the^ shrinking core 
would change the Sun's structure. The Sun is estimated to be 5 . billion. ye£u^ 
old'now. • ■ ^ . . ■ ' 

3. (Sec . 2F) The brightness formula in TaWe 2 . 1 shows that each square 
meter radiates power proportional to T"*. The Sup has a surface temperature 
of about 6000 k. A. star of the same size (same surface ariea) at 30 000 K 
would^radiate (30 000/6000)'' = S'* or 625 times as miich pbw.ef as the 
Siin, most of it in much shorter (ultraviolet) wavelengths."(Xctually , hot blue 
stars are generally much larger than the Sun:) - . . • ; / - : 

4» (Sec. 2F) The brief spe'ctriim of the chromosphere just before and just 
after totality is called the /'flash spectrum.*' It consists almost entirely of 
eniissipn lines because the chromosphere is a transparent hot ^s. / 

' 5* (Sec. -210 The charged particles (ions) frpm a flare follow the n^agnetic- 
. field lilies as they move away fronj'the Sun. Along this flightpath^ the ions 
collide with other ions and atoms ir^ the cororia, and the collisi^r^s **excite'' 
these particles to emit light. The fliue particles thus ma^ bright 
streaniers in the corona. Some streamers can fe. seen in Figure 2.4. 

.6. (Sec. 2F) Because the Sun's corona is so hot, it emit&'^rays. Therefore, 
the x-ray photographs show the Sufi to be aSilaiirg&iais the^ aboiit.three 
times larger (1.5° across or 4 rhillion kilon]eterif;i^}d^^^^ the visible 

Smy • ' ■ . ■^■''■i;^^^^^ 

7. (Set. 2Jp The advantage was that the sky jbackgnjund from 222 kilo- 
.nieters abdVfe the Earth's surface is greatly reduced becau^^there a^e no 
. cloud$ or haze. Thus, the faint inner corona i/ not swarnped with other light. 
The major disadvantage wak the Qf^^^nins^^t^^omd Apolloi Qther disad- 
vantages that could iiave been avoiaed y/ftve the cabin light reflected off the 
Soyuz window arid the inferior lens tt$«l in the Soviet;:.damcra. 




8. (Seq. 2F) A cone of bliack paper or cloth fhat fitted tightly against tfe 
window could have been used ;ito prevent cabin light. from reflecting:^ the 
window and into 'the camera. • , 

' 9. (Sec. 2F) There is probably more material' in the ^i^r corona than 
previpusly ^thought. This material may be/aust or xf^iy li^bensity. ga^^^^ 

■■ ^■ ■ '/ \- ■ j^-- 

'10. (Sec. 3F) Photon energy E ^ hf.^ hc/k is larjger 
photons than for longrwavelength pnpto^^|^ cu^^ Fil^w^^B. thuj^; 
would be lower at the left (short XY'anjJ^fe|per ^ (l^ng J|i^^tetuaUy,^ 
the interval dLE - {hc/k^) A\y^ftcttms^.m is the 

energy arriving each second in waves of length X toA + AJ^ Jhe photo 
count yV£ is the number of photons arriving eac^b;;8econd -;W^^^ energies be> 
■tween£and;E + A£. • . ' . . ; ' :/ ' J^f^/^ '-^ ■ / ;* . 

11. (Sec> 3F) The Fe lines would b^ stronger andthe Fe+ lines weaker than 
in the Sun's spectnirh^. At lower tijmpetature, there are fewer coirrsiqns of 
energy greater than 7:83 electronvblts because the energy of particle 
motion E =. ^/zmv^ = itr, where Jt is the Boltzmann constant (see Tablie 2 

12. (Sec. 3F) Sodiunri in the interstellar.gas cloud absorbs light at 5890 
angstroms (589 nanometers) plus a constant Doppler shift AX ^ 5890 v^/c, . 
. where V| is the gas-cloud recession (or.approach)'vel5city and c is the velocity 

. of light. As the star approaches us, its sodium line would have a blue shift: 
AX = -5890 v^/c>^here is the star's orbital velocity. Whien the star stops 
apfiroaching, AX = 0; when it is receding, AX =-5890 v^/c . The star's 

. absorption line, thus shifts back arid forth, while the line of the interstellar^ 
gas cloud remains at a fixed wavelength. . 



13. (Sec. 3F) When a hydrogen atom absorbs 880 aiigstrbms, which 
represents a photoii of higher energy than needed to ionize it, the electron is 
shot off with kinetic energy equal to theexcess: 14.0 - 1 3 J = 0.5 electronvolt. 

14. (Sec. 3F) A nonrotating galaxy should be spherical with no spiral 
arms. .Stars would^ orbiting iii al) different directions aroun4 the center 
mass, and interstellar gas would fall into that center; Such galaxies kre. 
observed far from us and are called EO galaxies.' . 

15. (Sec. 31^) After the core temperature-settles. down in equilibrium with 
radiation, the density rises because alpha particles (He are about foiir times 
the mass of protbns.^(H'^), and the same no^iber are'packed into a cubic 
centimeter. " . • .'■ t 
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Dwarf is probably older. Whjlte Dwarfe all 

17i;^](|lSS5j^^ two stars slowly, the EUV telescope 

(h|^^^$^ji,fw^ count photphs/from the first; star, then froni^ th(^ tWc^ v 

. tog^^f^jau^^^f^^ from the second ;stm-.^one. From the times wbj^the couixt;,; 
rate iiiclre^ff a^ one coul^'ieil approximately<^yheh the edg^ of. 

the EtJlV^^escbpe fieW^ 

. / 18. (Sec. 3F) The intersVellar hydrogen would be^f^bsorbing more of the 
H2 43 intensity on ihe left side of Figjare 3.8 (longe.r^vavelengths) than oh 
the right side (shorter wavelengths).' ThereforS^ ^th^ij^ 
would peak farther to the left (longer wav^leh'gth) and the temperature 



T ,= 28 90e' 000/X;„ would be lower: 



itrlSss 



19. (Si^c. 3F) The s\jX^^^ be estimated from the _ 

formula in Table 2. 1; thatw!|j:^i^(^^^ jp second radiated at all wave- 

lengths from 1. square meter of tfe jiiW If the distance r tQ HZ^43'?^ 
estiniated, . the measured intensity / (energy received iii all ?3ya^/^ngths . 
arriving oft 1 square meter) can be multiplied by 47rr^ taget .tHeitbC^^^ 
radiated^^This is the area of the star' s surface times £^ . S6i Aitr^l = ATrli'^aT^ 

. ; 20. (Sec. 4F) The first stars in the Milky Way Galaxy are thought to have . 
: formed from pure hydrogen or from hydrogen with a low. percentage of 
heiiurn. There were no heavier elements such as carbon, nitrogen, and 
oxygen. Without heavieretenients, solid planets probably couldn^t form, and 
without; carbon, nitrogen, a^d oxygen,, no living . organisms could have 
evolved. '■• -J' ■ ■ - ■ "■ ■". * ■ 

il. (Sec. ^4F) Water, is the largest reservoir of hydrogen, on Earth? . 
There is. a small amount of hydrogen gas high in the atmosphere and 
more .in oil and hydrocarbon gas deposits andergrouiid. Another large V 
reservoir is water that is chemically locked in the rockjs deep under the . 
' Earth* s surface. '/. 

22. (Sec. 4F) The spectra of many stars, all around the sky* show the 
absorption lines of the interstellar gas, primarily ionized calcium^Ca^) and 
^ium (Na). Doppier shifts show an average bliie shift in one^ia^f of the sky 
and an average jr^d shift in the other half Averages for various directions 
in thc^se halve^s^ of the sky and. for nearby stars only show the maximum ; 
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• ■. ^^'^''^y:■ 



/■■■■'■■■.::*V"!>j'r 



'V/ •"i'^^^V'Vv-':^^/./.^ 



E)opplir shifts fri)jrS Jbc 
the constellation t!ygmi$ j^li^^ 
Pamphlet H).. •. ^'f^::^'^^^ 

23. (Sec. 410 Whenjhe Ei^ 
the interstellar wind.^^telatiV^^^^^ 
y ^ Id Figure 4 1/ ' • 

- ■ " ' upwind direction (toward the right). Becau^ that vector twrns^4^ 

months, or 3(f ;per month Jt Vpuld ^ 

tSvo months earlier; that is, in May 1975 (Note: The yectprs are t^^^^^ 
-.plane.) . ' ■ \. -r -. y 

. . " \ t > V 24* (Sec. 4I;)The distance^lijto 
/ - ;:-y> the spEip^cT^'^ spccd 'i}--^ .^--'i^- 

■■ ' ■ ' ^iW0S^^^^^^^ 27rr/T 2n(G^ ■^^w.M^^^ 

^ \ - . • .^^^ straghtjafea^ : 

/ ■ o}^'^Vj>^i''//' '-^ ■: 'red shifted' tiij^;the'^ '/ 

25. (Sec. 4F) The Doppler shift is proportional W^^th^^ : v • 

relative vector velocity along^ the line of sight; The Ea^^^^ 
component of 30-km/sec orbital veloc^^^^ 
' 'solar tail^' has anothe^liarge com{^^ 

the Mne;: of sight is v co^ ^(9, where 6 is the angle between the .vector v and . 
theiifTe of sight, So ^j and ^2 arc needed, where 0j is the angle betw^^ 
Earth \s orbital velocity and the line of 

solar-tail velocity and the line of sigh^)^|jf[;:ip^^^ yeloci^ of/the Ajpollo^' 7 . 
Soyuz spacecraft around the small, (^ponent v^ - • 

cos;0^, where ^3 is the angleilietv^^ ■ < 

The local heliuni giowHs'^i^a^^ 
Vj5;^ong the line of sight v^ tr^ 

' Ideal helium glow.^ : ^ "^^i-'^ '^^^ 
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■■■■■■■■■■■■■■ 1 



SfUnlta 
Pbwers of 10 



Niupes^ syinljbi^isy^^^ SI units used in tliese pamphlets: 











Distance 

'■"■*. • - 'V . •. 


■■ mcter^;' 

V*'- ''i. , ' ' ""'■'*.-■ y '■ 


tin 

• - 


.1 cm = p.3y4 in. = ' . .. t . ■ : \\ . : - i 

;'rmm=-^0:039in^^^-..'v.^'-:^^^ V '\:/ ' V!*.^ 

'■-,1 nni,=='lO.A",;.^; ,}\ 


/-Mass ■ / 






l :!^3nM <^ r • ^ 
v 1 Kg.,?= lb ; \ ! . / ; 






-'-:^-/-:^.,' ■■=/■■;• 
.<.^M)-y . : ' ■sec' 


;..l;day';i= 8.64.x iq< sec';':'. '^tr- -i^U^y 
rhr== 360ase(c' ! / «^ 
















.i;.m2-^''*i.ovcmv= io.ff ft*'^''^^|-' 








i ;m»:ii^ 10« cin3 =^ 35 ft^' V ^ • > 




■• ■ ■ ' • .« • K'V '. V.. '' Iv^ V 




^.'v l.HZ'"==:l cycle/sec ^ ^^v- - ":-'/v'-^?T"'i:"'^^ 
' 1 .kriz'^: 1000 bytleVseC: '■ : ■ i:,:;' ;;^:?'' '^^^^^^ 
■■ 1 MHz =^'10®xxcks/sec;V^^^^ 



\ ^ Density 


.^Av^^ kilogram pei* ■ 

. cubic meter / • ' 

. ■ fl.. ■ • , ■ " ,' 


,^->i£g/in». 


1 kg/m^=5^ 
' : ;1 gWcmf:i=: deri■$^t^jr^of w 






■meter p6r second 


•m/sec 


/ 1 nVsec^SvZSWsec V : 
t kin/sic 2240/ mi/hr ; % i ■■'■^ 






. Vnewton . * > V 






•• : '^/(- 





ERIC 



"i» 'V: 



\" - • . . .. 


Name of unit 


Symtml 


. : r / 

^'iDcqiiV^rsion factor . 




' . . ' ' t 

Picssuit 


. newtbnp^^^^ ^ 




1 N/in* =1.45 xHO'f^ 


■ * *. '.^;'-."*",r.'^ 

Ih/in* 

> r-. ■ ■ . • 




joultf:, -/^A . . ^ ■ 




.'^^ ' ''^ ^ — ■ ' 

1 J t).239 calorife 






eiectionyolt ' 


eV '' . 




i;i J -= lO^erg - 


•Pdwer' 


watt 1 

— — — . ' ' • J'',.'.' 


W 


. ■ . . ■ If ■ 


. . . V ; ; 


. Atomic. nUjfts^ 

^ • ' * • ■ . ■ ' . • 


atomic masisr unH:' " 




.1 amu ~ i/.op w 

(J ■• ■ 


. Kg •■ . • ■ •• 


Customary UniU Used With the Si Units 








Quantity 


.I4&iie of unit 


. . ''fJSynibdl 


Conversion factor 




Wavelength of 
light ' * * 


angstrom ^ 




1 , A = 0.1 nni = 10" 




Accelei^tion 


■■■ ■ - ■ 
■ ■ ^ ■• 


g 


I g = 9.8 m/sec^ " 





*^ ■ 
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■■^^!^'V!V.r/ '.'„. ■■;'. 












■■■ ■ ■ ■ / ■ ' ■ - ■ : 

> * 
















u ■ «> , ' . 






■ ' ' * .■ ' . ^ ;' 




.*.■»•- 








•••■»';■''■ . 




' . •, . * •• . ' 






: Urilt PrttixM 


■«> . •'■ •* , ' ; . •• * . * • ■ ■ 


\' • ' • ' • • ■ . ■ ■ . ■ ' ■ 

... ■ . ■ • 9-,. 




' ' J . -i"' • -vJ' 


Abbreviation 


^ Factor to 4Wch imlt'^ v ^ ; 

•['/Z:.,'-- is imiWpUed;* 

— . . ■ . — • .ii ■ ■ 


••it 



. 'icra ' r'-h 

giga 

: V mega y * 

ccnti 
milH 

i nartb V 

" ■ .1. * 

■*/'■• ■ ■ ■ ■ ■:{' ' 



■ff,' ■ 



G 
M 
k 

c 
m 

n 
P 



■ .■■ . ■■■■■■ -w? " , 
10-* ■ ' 



10-«*': ' 



Powers Of 10 










• . ' ;■, . > 


increasing 






Decreasing 







srlO* == 100 

10=^= 1 000 r • 

iOr=^^;10W)0, eicv .■■'' ■[ 
Examples: - . . ' 
2 ' x 10« = 2 000 OOO - ' 
2 X 10'» =^2 followed' by 30 leros 



■ » 



ERIC 



10^2 = l/iO0= 0,01 ' ' , 

i6-5=: i/ioot) = b.ooi 

10->;= l/It) 000 =^^.0001^ etc; ;^ 

Example: . 
5.67 ><aO-*'=^0.000 056 7 



56 



47 



•4; 



Ap|>ehdlix C 



^Glossary 




|R6ference$ to sections. Appendix A (answers to questions); 4abies, and 
^ ;Vgures are included in the entries. Those in iVa//c type W the ripiost. helpful. 

absorption linct a gap or dip in a spectrum^ jcaused by the absorption of 
V- sp0»ifi<>Wav»lengthsijby a gas between thcl light sourcie and the observer. 
(Sees. 2B. 3F, 4A. 4B; App. A. nos. 11. 12. 22) See ProjectlPhySrcs. 
'Sec. ^.19.1^1: \ . " ' 

l:roin:(A) a^unit of w^ivelength used by physicists for more than 80 years; 
f^angstrom-f=10T^?^ meter or 0.1^^^ 3A) 
. Aj^O^spacet'raft a three-man spacecr^ originally designed for Uips to the 
^bpn. It*colnisisted of a Command Module-(GM)-attached4a^uS^ 
' W Module For the ApoUo-Soyuz mission, a Docking I^Qdule (DM) 

. w^ attached to the CM, ^: ^ - 

^ BfNHkltrp.und a uniform intensity over a large region of the sky ..(Sees. 3D, 3B; 
App. A, no. 7; Figs. 3.6, 3.7) ''Instrumental background" (Sbc. 3D) is the 
count rate- dut. to instrument defects when ho photons aif entering tlie 
'' detector.-. .* ■' 
^^Eig-Badg" costndlogy the theory of the origin of the universe which states 
. i that the univer^ was created about billion years ago. when si gi&nt 
explosion emitted high-Treque^cy radiation and pushed matter apart. ^hat 
jTiatter is no% C:6ndehsed into stars in galaxies which are receding from the 
Earth, The Wore distant ones are receding faster iKcause they started^f^^ 
^ in the^ig Bmg, (Sec. 4B) tf^; , • 

ctianrteHron a (:urved vacuum tube that gives^^^^ l(X)-miUion-electron output 
: / pulse for*feach electron input. (Sees. 3D, 4D; Figs. 3.4, 4.3) 

consteliation a group jpf stars, such as the Big Dipper, that defines an area 
' \^;(generall^ iit the sky. Most of the constellations were 

^ 'T;5>!jjfinied by the Greeks (Gemini, CygnMS^ Sagit^iirius). ^fecs. 38, 3E, 4C; 
V ' ; App.-Ajjio. 22)'" ' '"'^ •\'\^.- •;■ 

corona ' (solar jli^av^ast, lowrdensity cloud of gases surrounding the Sun: Its 
temperatuf^^iiicreases outward to more than 1 000 (XK) (Sees. 2, 2C, 
2D,-2E; App. A, nos. 5 to 7, 9;,*Figs. 2.7, 2.4^^^ 
,^^ coiint one pulse ofturrent or voltage from a^etector, indicating the passage 
of a photon or cosniit: ray through the detector. (Sees. 3D, 4D, 4E; Apj)^, 

•no. 17)^.. •^ma - ■>. ■ ^/' 'V'^ 

count rate the nutriber of counts pet second; it measures thi? intensify of the' 
, source.' (Sees. jp. 3E, 4E; App, A, nos. lo, 17; 1%. 3.7) 
density (photographic) the blackening of an eXpospd, ^velop^eid photo- 
> grapl^c film negative, measured (with a deiis^pmeter) as the fradlion of a 
light beam absorbed by the darkened film. (Sees. 2D, 2E) The positive 



\ V ^ pijint firoin a negative reverses black to whiter Density also means mass per 

; . iim^ of a material. (Sees. 2t, 3E; App. A, no; 45) 

. I diffiracilpn the bending of waves (including light waves) aroimd an obstaple. 

,j^j(sccr|D),,V •;. 

jPPoppler^ift the change of frequency and wavelength in the ijpectrum of a 
■■. source approaching an observer (blue shift) or receding jfrom him (red 
shi;t). (Sees, i/l; 4C. 4E; App. A/ nos. 12, 22, ,24, 25; Rg. 4.1) See 
Pamphlet.IV.' ■ ,- . ■ ' 

,^lips(f covering a bright object with a dark one-.'Tn a normal solar eclipse , the ^ 
vSiin is covered by the Moon. Apollo covered the Sun for Soyuz: (Sees. 2, 
.2C to 2F; Figs. 2.4, 2.6) 
ecliptic the line in the sky along which the Sun appears to move eastward 360° 
in a year. This line .represents the plane of the Earth's :Qrbit. The other 
' planets, vVhose orbital planes are near that of the Earthy .are always seen near 
the ecliptic in the sky. (Sees. 2C, 2Ei Fig. 2.5) • 
V electromagnetic waves include x-rays, light waves, and radio waves,^^w 

cany energy at a velocity c of 3 X 10^ m/sec; The electromagnetic 
^ spectrum is the sequence of wavelengths from very short gamma rays to 

very long radio, WaVes. (Sec: 3D; Fig. i. 7) . 
electronvolt (eV) a unit of photon energy equal to the kinetic energy of an 
electron accelerated from liest by 1 volt: lOOO electronvolts = 1 kiloelec- 
. tronvolt; 1000 kiloelectronvolts .= 1 niejgaelectrbnvolt. ^ 
toiission line asmaill band of wavelengths emitted by a low-densiity gas when . 
* it glows. The pattern of several emission lines is chardcieristic of the gas 
, and is the sathe as the absorption lines ^absorbed by that gas from light 

passing through it. (Sees. 2C, 3A, 4A, 4C; App. A, nip: 4) 
;energy the capacity for doing work. (Sec. 2C) Nuclear energy is released by 
nuclear reactions. (Sec. 2 A) Kinetic energy is the energy of niotioh of a 
tpass. (Sec. 3B; App. A, nos. 1 1 , 13) Energy is also radiated in the form of . 
photons moving at velocity c. (Sees. 2A, 2B, 3A,3E; App. A, nos. 10, 13, 
. . ,19; Figs. 2.3, 3.8; Tables 2. 1 , 3.1) Each photon has energy E = hf - hcl\, 
wHere /i is the PJanck constant,/ is the frequency ,*c is the velocity, and \' is 
• the wavelepgthof light or x-rays. The energy ^arriving per second from a 

distant light source on a unit area is the intensity I. ; 
i equilibrium a state of.balance, when no change takes place. Inside the Sun, 
radiation and tem^rature are in equilibrium because the energy entering a 
sm^i volume of gas i^ equal to the ener^ leaving, and the temperature 
remains constant. (App. A, no. 15) 
extreme ultravipkt (EUV^ wavelengths between 1 66 and 1000 angstroms 
. (10.,and l()0,narromet^&); the shprt-wave end of the ultraviolet part of the 
'[ . electromagnetic.spe^ shown in Figure 3, 1 . (Sees. 1 , 3D, 3E,^4A, 4C, 
4I>; App;:A, no: rHsf igs. 3.3 tp 3:7, Table 3.1) ; 



niter a thin slab of selective material in front of a detector. The filter lets 

' through only a selected color or group of wavelengths o^ group of photon 
. energies. (Sees; 3E; 4D; Figs' 3.4. 3.5. 3,7, 3.8; T^ble 3^ 

griavitatiprt the for^fe ofjiltraction between tWo masses, given fay Newton's 
Lav^^ (Sees, 2A,'3bV^C. 4C; Fig. 4,1) See Proj^ci Physics, Sec§. 8^ 
8,8; PSSC. Sees. l'3-8. l3i-lb, ■ - ■ 

intensity (!) the energy from a distahrsojarc^ 
area, I)^ refers to energy of specific wavelengths (X to X + AA),; A plot of 
I)^ ver&iis X shows the spectrum: (Sees, 2B. 2D> 2E. 3 A. 3E. 4E; App; A. 
nos, 10. 18. 19; Figs, 2,3, 2,7 to 2;9. 2(..8; Table 2:/) ; : ::^^^-^^7^^^^^ - 

interstellar gas and dust material in the space between stars. Low-density 
hydrogen and other jgases are detected from their absorption and emission 
of specific wavelengths De light and radio waves. Fine dust particles scatter 
lightiike smog does, (Sees. l, 3A, JB, 3D. 3E.4B tb 4E; Apjp. A. nos. 12; 
14. 18. 22; Fig. 4,1) ' 

ion an atom with one or more electrons renloved or.-more rarely, added, 
(Atoms are ionized ^y heai of light.' x-rays and jgainma rays, and cosmic 
rays or other moving particles,);(Sec$, 3A. 3D.^ 3F, 4Av 4D; App. A. nos, 

'5,11. 13. 22) ■ ■ 

JSt the NASA Lyiidon B, Johnson Space Centier in Houston, Texas, 
kelvin (K) a temperature scale starting at absolute zero (no heat motion), 273 

K = (f C = 32**F. the freezing point bf water; 373 K " 100*^ C == 212^ F. 

the boiling point of water on Earth, 
liglit-year the distance light travels (at 3 X10^ m/sec) in 1 year (3, 15 >< IQ^ 

seconds). One light-year equals 9,4^ x 10*^ kilometers, about 63 000 

times the distance from Sun to Earth, . 
MA-048 the Soft X-Ray Experiment on the Apollo-Soyuz mission. (Sec. 40) 

See Pamphlet II. / 
MA-083 the EU V Suryey Expieriment; (Sees. 1 . JD, 3E. 4D; App. A. no. 17; 

Figs. 3.3. 3.4. i.5; Table 3.1) ■ ; ' . . > ■ ^ 

MA-088the'Helium-Glow Experiment. (Sfets.J. 4A.4Gv^P, 4E;Figs.^.7; 

■ 4.2. 4;3)'.^ r : ' \ V . 

MA-148,the Artificial SorgrEclipse Joint Experiment. (Sees. \,2D, 2E; 

;■, Fig.;2;6>.- : \' ' ■ '.:<r''-\ ' - ^■■ 

magri^Mic field the Strength of the majgnetie fdrCe on a unit 4iiagneitle pole in a ^ 
region of space affected b^f othpf magnets orelectric currents. (Sees. 2B. 

. 2C; App. A. n^. 5) ■■ ' " '. 

Milky^Way a band 'of $tars. visible only on clear, dark night, stretching 
coiffipletely around the sky. (See: 3B) Usmg the distances of the stars, 
astironomerscan plpt the Milky Way Galdxyvad^ group of more 

than 100 billion stars, irttluding bur Sun. ^^e. 3B; App. A, no. 20; Fig. 



3.2>T^^ the Milky W^.^ialaxy. (Sees. 3B, 

hebiila 9 glowing eloud of low-density gas near one or more stars. (Sees. 3A, 

■J •3B,:•3C)•^; ■■•/•'v^ ;■; ■ .. 

neutrotf an atomic partiele with a mass slightly larger thah that of a proton 

(hydrogen ion) but no charge. A Neutron Star is made almost entirely of 
. ntuflpns; see 5/ar3^ (Sec. 3C) • ; i .' • 

Newton^s Laws the three .law3 of motion aiid the law of jgij^yitation, published 
* in 1687 (F == md. Fg ==. GmMlr^); see gravitatiolf-:i(^s -2K^ See 
.-•Paniphletl. :.; •y.y: ■ /t-!^i}^i:^%l.^\^ ' ■ 

nova an exploding stair. (Sebs. 5C. 3E) A 5M/>er/iaji^;«r/i^ 

explosion of a giant gtar aifter its hydro gen is m psdy gbtijefe helium 

(rfecs. 3C; 4B). .A large fraction of the mass is blt>^, pa^^ 

nebula (supernova remnant). (Sec. 3C) ' 
niiclear reaction c hahges in the nucleus of an atom wj|ten a proton or neutron is 

fired into it. or when an electron, protbn, neutron, or He++ ion is fired out% 

(Sccs. 2i4, 2B, 38^ 3C, 3E, 48; App. A, n^^^ 
photon a quantum of iight— the smallest separable amQunt of energy in a 

beam of light. Phdtpn energy is proportional to frequency . High-energy 

• photons are counted individually by detectors; see, energy, counr. (Sees:- 
; 28, 3A:, 3p/3E; App. A, nqsx 10. 13; Fig. 3.«; Table 3.1) 
photospberethe visible edge of the Sun, radius 695 OOO kilometers. (Sees. 2, 

28, 2F; Fig. 2. 1) Other stars have a ^milar surface. (Sec/ 3E) 
jPlanck Law the fprmula for intensity radiated in various wavelengths k by 
an opaque surface at temperature T,^ This formula iticludes the Planck 
constant h (Sec. 3A), which relates frequency / with photon energy £. 
.. (Sees. 3 A; Fig, 2.3; Table 2:^) 

power output the energy radiated per second from the Sun, a star, or other 
' source. The brightness that we see is the power butputdivided by the square 
of the source distance, minus the absorption by interstellar smog. (Sec. 2^4; 
App. A, nos. 1, 3; Fig. 2.2) : ^ > . 

Principal Investigator the individual responsible for a space experiment and 
/,>f^rreporting the resufts. ^ 

proton a pQsitively charged particle, the nucleus of the. hydrogen atom. 

Ibnized hydrogen is-made up of separated prb.tons and electrons. (Sees. 2A, 

3C; App. A, no. 15) ' ■ 
radio tetescope a large dish^that focuse radio waves from a distant source 

onto a sehsitiye radio,receiveh (Sec. 3A) ^ 
RCS quad jets small jets usedtto roll or rotate the Apollo spacecraft. (Sees. 

• 2b. 2iB; Fig. 2.8) See Pam^^^ * ^ ^ ^ 



S^iryke Module (SM) the large part of the Apollo spacecraft that contains 
. support equipment; it is attached to the Command i^dule (GM) until 

before the CM reenters the Earth's atmosphere, • . 
Soyuz the Soviet two-man. spacecraft) See Pamphlet 1. ' v 

speclrum the sequence of electromagnetic waves from small wavelengths. . 
(gamma'rays) to large (radio waves)^ Visual spectra run from 4000 to 70(X) 
angstroms (400 to 700 nanonieters), EUV spectra from 100 to 1000 
angsboms (10 to 100 nanomtitTs)/ Stj^ Mectromagnetic \^(ives, EUV* 
^ ' (Secs,2B.i^3b,3E,4A,4BiApp.A.nb^ 

star 4 v^ery, hot ball of gas with an energy sotin:e near the center: ^ 
I, - $Bi2Qto2F, 3A, 3B,iC, 3D. 3E, 48; App: A, nos. 1^3^ 14. 16. 17. 19. 
^p ; V: • ? ^- iSigs. 3^6. 3.7) N ormal stJirs are like the Sun. about 10® kilometers ' 

much 



.v\^ ''^''^^.''^^il^ ; ii- • fli^^^^ Blue stars (Sees. 2B, 2F; App. A, no. 3; hig. 2.3) are mu( 

; ti^ the Sur\. Giant stars (Sees. 2F. 3(^) are 200 times larger, and 

^V? < (Sees. iC/i£; App^ A. no. 16; Fig^^3.8) are 100 times 

^tn^^d:tij^ Neutron Stars and Black Hpje§'^(Sec. 3C) iare even 

|;»?.\;v:v (Sec. 3Fvv^pp^;^j'ho. 12)r— tha1t is. two 

sunspoKMSjarkyj^ 
; kilometers kdtess/if^ 
y . about 30° on either side of the Sim's equator. There is a maxima 

; evfery ITyears. (Sec. 2C; Fig. 2^4) 

temmraturefr) a nieasure of the average Kinetic energy of panic^^^^ 
or molecules) in a gas. See /:e/vw. (Sees. 2A. 25, iCr3A, 3B. 3E. 4^ 
App: A, nos. 11. 15^18; Figs/2. 1. 2.3; Table 2.1) 
ultraviolet (U V) invisible light of wavelengths less than 4()()^ 

nanpmeters)..shorter than those of visible light. See Ei/K. (Sees. 3^ 
App^ A. no. 3; Fig. 
wavelength (\) the distance from the crest of one wave to th^^ 
usually measured in angstronis. EUV wavctengths are fj^ 
arigstrojps (10 to 100 nanonatiters). (Sees. 2B. iy4; 3E^ 4A; App. A^^ 
10, 12. 18. 19;Figs. 2.3.i./, 3.8;tables2.1. 3.1)^ 
Whke Dwarf a compact star of high ^ensity . about the SiK 
/ thian 100 White .Dwarfs Ijave.been observed. (Sees. iC, i^ 
■;. ., ■■ 16;^Fig. 3.8)'; ■ / ^ --^ 

xi^rays electromagnetic radiation of very short wavelength (about 0.1 to 100 
' angjtroms. or 0.01 to 10 nanometers) and high photon energy (about lOK) 

' ' elecfronvolts to J ()0 kiloelectronvolts). measured in several h^ ^ > 

tronSmical sources, (Sees. 2G. 2F. 3A, 3D. 3E; App/A, no. 6; Figs: 
3:8) See Pamphlet II. : 




52 ; V < ^ 



61 



ERIC 




astCDiijpiifiy.i-;';^;:!;^^ 

Astronomy. Modi Simple by/^l(;!|i,^^ (New 
Y6rk)^1963— an eiisy-tc^^ objects. : ^ 

i45/ronomy Ow^ by J Alj^ij(^^ W. A. Benjamin. 
Inc., (Menio Park, Cd^if^^^^^^^ to the architec- 

ture of the univei^;;(fidrti^^ 

Atoms arut^stmnomyi^j^dii!^^ the U.S. Govern-; 
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